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By Leslie E. Schneiter and James M. Watson 

A wind-tunnel hvest igat ion haa bean performed on a 42O sweptback- 
wing  model to determine the h t e ra l  control characteristics of a plug- 
aileron configuration  consisting of six segments extending f'rm the wing 
Wercen-pan  to  the wing G e r o e n h p a n  atat ions and placed  perpendfcdar 
t o  the free-fltream flow with the  center of each plug segment on the w i n g  
70-ipercenWhord line. The basic  plug aileron and several modifications 
thereof were investigated for a range of plug  projections through a large 
angle-of-ttack range. In addition, several  -8s of lift flape were 
Investigated and a full-span  slotted-flap  configuration was developed. 
The plug-aileran  characteristios were determined with  the " s p a n  slot ted 
f lap   in   the  optimum looation. The l a t e r a l  control characteristics of a 
partial-8pan plain sealed aileron were 00 determined f o r  caparison with 
the plugdi leron  resul ts .  

' O f  the  various f lap confi&atiane  inmstigated on th i s  w i n g  (flill- 
span slot ted f l a p  at deflections of 30°, kOo, and wO, a half-span  slotted 
flap at 50° deflection, aSa a "span  =lit f lap  and. a Mf-pep Zap 
flap  'both at 60° deflection),  the full-span s lot ted  f lap at 30' deflection 
gave the most satisfactory  calculated trimmed-gliding characteristics f o r  
an a m l a n e  with an a e m d  wing l o w  of 4.0 pounde per square foot and 
a tail  length of 3 .O mean aerodymnic  chords. 

The resul ts  show that the plug aileron investigated with the faired 
plug-slot lower l i p  gave positive rollJne-mrrmnnt coefficiente at all pro- 
jections throughout the angle-of"attack range inxmtigated, altho@ there 
was a large reduction in rolli-nt coefficient at all projections at 
angles of attack  abwe the winp t ip  stall angle. The maxirmnn values of 
roll-nt coefficient produoed by the plug aileron with the  faired 
lower l i p  were about 130 percent  larger  with  the f'ull-apan s lot ted flap 
deflected than with the flap neutral. 
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The t o t a l  maxinnrm roll ing-mmnt  coefficient  result ing From 40° t o t a l  
deflection of a &+pbrcent-span ly 2 ~ e r c e n t - c h o r d  aileron w m  about the 

&B th& produced by the plw aileron  with  the full-span elotted  f lap 
deflected. The aileron rollhg+noment coefficients  wlth  the p&ial-Span 
slotted  flap  deflected were equal t o  o r  only slightly  greater  than  thoee 
with  the  flap  neutral. 

The spoiler tSpe of control  device has been proposed in reference 1 
a8 a me8116 of lateral   control  for eweptback wings. All of the epoiler 
configurations reported in reference 1, hovever, had eane of the  objection- 
able characteristics normally msociated  wlth  apoilers on unewept  w3nge; 
namely, a large  reduction in rollbq+ncment  coefficient at high anglee of 
attack and low o r  reversed  effectiveness at amall spoiler projections for 
all m e s  of attack. Unpubliehed data showing the favorable rolling- 
moment characterietica in  the transonic meed rmge obtained bs one of 
the more satisfactory Bpoiler  configurations of reference 1 indicated 
that  further work toward Impyoving the l o w p e e d  characterietice of spoilers 
on  wept w h g a  would be desirable. References 2 and 3 reported  that the 
plug aileron (formed the   ine td la t ion  of a slot through the wing behind 
the epoiler) on unsvept wings eliminated  the  ob3ectionsble r o l l i m o m e n t  
characteristics  exhibited by plain  spoilere. Referenoee 2 and 3 further 
showed that the   i n s td l a t ion  of a full-apan slotted  flap,  in  addition t o  
giving  high maxfrmrm lift, coefficients  for lapding, great* improved the 
rolliq+nment  effectivenees of  the plug ailerox. 

Reported herein m e  the  resulte of a-high-lift and lateral-control 
inveetigation performed M a 42’ sweptback eemiepawwing model in t he  
Langley 300 MPE 7-by 10-foot tunnel. The h i e l i f %   c h a r a c t e r i s t i c s  of 
a full-span slotted  f lap were determined on t h i s  model for a range of 
flap deflections ssd positions, and an attempt waa made t o  improve the 
maximum lift characteristice of the Full-epan dot ted   f lap  by t h e  -tal- 
lat ion of flap-slot  flm-con4zrol  vane^. The high-15~ characterletice of 
a half-epan d o t t e d  flqp at one deflection and position and of a half-span 
Zap flap were also determined. Aocomparison  of the  calculated trbnmed- 
gliding  characteristics of the 42 eweptback  wing under an &f38Umed se t  of 
airplane conditions and equipped with several -bypee and spans of lift; flaps 
W&B made. Included In the lateral-control  part of the  investigation were 
the  determination of the  lateral   control  chsracterietics of a baeic plug 
aileron and several revisions  thereof. Ln addition,  the  characteristics 
of a 49-percenMan by 20-percent-chord plain  aileron were determined 
for  comparieon with the  plug-aileron  resulta. Also determined were t h e  
lateral   control  characterist ics of the most satisfactory  plIqp%ileron 
configuration  with the Ful l -~pas  slotted  flap  deflected t o  i t e  optimum 
deflection and position and of the  partial”span  aileron  wlth  the  partial- 
span slotted  flap  deflected. 

. 
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The forces and moments on the w i n g  .are presented about the w k d  &xes. 
The X 4 8  is in the plane of m t q  of t h e  model and is  parallel to the 
tunnel air  flow. The mia is in the. plane of symaetry of t h e  model and 
is  perpendicular to the a i s .  The Y--is is perpendicular to both the 
X-axis and -6. Ay t h ree  axes intersect at a point 37.22 inches 
rearward  of the leading edge of the wing root  on the l ine of Frrtersection 
of the plane of 6ymnetr;p and the  chord  plane of the  model, aa ahown in 
figure 1. 

cL 

cLt  

CD 

cm 

c 2  

cn 
D 

M 

L 

N 

9 

S 

- 
C 

b 

C* 
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twice  pitching moment of  semispan  model  about Y-is, foot- 
pounds 

r0U-m llkament due to plug projection  or  aileron  deflection about 
X a i s ,  foo~-gounds 

yawing martent  due to plug  projection  or  aileron  deflection  about 
Z<is, f o o t - p o ~  

dynamic pressure, pounds  per square foot @') 
twice  area of semispan model, 32.24 square feet 

wing mean a e r w c  chord (M.A.C.), 2.89 feet 
b/2 

(2 c2 5 )  

twice man of semispan model measured along Y-axis, 11.36 feet 

local WLng chord  measured along lines  perpendicular to w l n g  
trail- edge 
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- c   l o c a l  wing chord measured d o n g  l ines   paral le l  t o  X-axis, feet  

v f’ree-atream velocitg,  feet  per second 

sinking velocity,  feet  per second 

gliding velocity,  miles  per hour 

P m & ~ s  density of air ,  slugs per cubic foot  

a angle of attack w i t h  respect t o  chord plane of model, degrees 

8p pl-leron pro  Jection,  percent  local wing chord, negative 
wbn plug is projected above wing upper surface 

The rollfng-mcanaIlt and yawing-moment coefficients  represent  the 
aerodynamic effectie tha t  occur on s camplete w i n g  aa a resul t  of deflection 
of the corrtrol on m e  mmierpan of the complete wing; the lift, drag, and’ 
pitching-mconent coefficients  represent  the aerodynamic effects that occur 
on the camplete wing aa a resul t  of deflection of the lif% flap on both 
semiapane of the ccmplete wlng. 

The tes t   data  have been corrected for blockage and jet4oundary 
effeote, including the  reflection-plane  corrections t o  the rolling-moment 
and yawlng-mrrment coefficients. The variation of the correction6 t o  the 
roll-nt and ya-ent coefficients  with span of the  ,lateral- 
control  device ile presented in  reference 1. The rolling-mment and yaw- 
moment coefficient  corrections  applied t o  the data premnted  herein were 
taken  directly *am reference 1 f o r  the span of the  control device under 
consideration. 

Ro correctione were made t o  the data t o  account for w i n g  t w i s t  caused ’ 

by control  deflectiona or projectians or flap  deflection. 
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The right  semispanmgtback-wing nude1 WBB mounted in   the  Langley 
300 MPH 7- by l G f o o t  tunnel as ahown in figure 2. The root chord of the 
model w a s  adjacent t o  the ceil ing of the  tunnel,  the  ceiling  thereby 
serving as a ref lect ion plane. The model waa mounted on the balance 
system i n  such a m e r  that all forcea and moments acting on the model 
could be measured. A nmfI'l7 clearance was maintained between the model 
and the  tunnel  ceilfng so that no par t  of t h e  model came in  contact  with 
the  tunnel  structure. A root-fairing  &rip was attached t o  the model t o  
deflect  the air tha t  flowa i n t o  the tunnel tes t   sect ion through the 
clearance hole between the model  and the tunnel c e i l h g  BO as   t o  mFnimize 
the  effects of any such I n f l o w  on the flow  over the model. 

The  model had 42' of  sweepback referred t o  the wing leading edge, an 
aapect r a t i o  of 4.01, and was comtructed of laminated mahogany to the  
plan form shown in f-e 1. The a i r f o i l  section normal to the 0.2'72 cEord 
l i ne  w-as constant  throughout  the epan and WBB of RACA 6+u2 Etirfoil 
profile.  The t i p  of the wing rounded off beginning at 0 .979  in both 

plan form and croas  section. The model had no geometric Met o r  dihedral. 
2 

The full-span 2O-percent-chord s lot ted  f lap w a ~  bu i l t  t o  the  plan 
form and section dimenaiane sham Fn figures 3 and 4, reapectively. The 
f lap was f i t t e d  w i t h  an attachment  'bracket at three spanwise locatione 
and each bracket  could be adjusted t o  give s e v e r a l  f l ap  deflections and a 
range of positions of t h e  f lap n o m  with relat ion to the w i n g  trail ing- 
edge uppelcsurfaoe lip. A partial-pan  slotted  flap w a ~  formed by cutting 
the f lap at the 5l;perc-pan s ta t ion  on a line parallel t o  the model 
plane of t33mm9m. The de ta i l s  of f l ap - s lo t   f l omon t ro l  vanes A and B 
investigated on t h e   ~ e m i ~ p a ~ + ~ i n g  d e l  are presented in figures 5 and 6, 
respectively. A half-an Zaptype  flap  investigated on the semispan- 
w i n g  model XBB bu i l t  of thin plywood  and was deflected  darn 60° about a 
hinge l i ne  on the wing trailing edge (fig.  7) . The andl s l o t  between the 
flap  leading edge and the wing trailing edge was sealed. 

The plan form and section dimensions of the  basic plug ailerone 
investigated are sham in  figures 3 and 8, respectively. The plug ailerons 
were built  Fn six segments of k-hnch almdnum plate  and had knch- th ick  4 a 
steel  actuating 81~18 ecrewed t o  the ends of each plug segment. A clamp 
W&B provided on each actuating arm t o  hold the plug aileron at the  desired 
projection. The pluge could be adjusted through a range of projections 
from 0 percent to -7 percent of  the  local wing chord. In addition,  the 
plug aileron waa Weet iga ted  with  the s l o t  lower l ip   re fa i red  from the  
original s h a r p . 1 1 ~  t o  a smooth air M e t  BB shown in figure 9. 
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The 20;percent-chord by b+percent-semispan plain  aileron  investigated 
was formed by cutting  the  flap on a line para l l e l  to   the  wing plane of 
symnetry. The plain  aileron wg,a sealed and was held at  the  various  deflec- 
tiona  (ranging from 20° t o  -20 ) by steel   etraps on both the w i n g  upper 
and loner surfaces. 

Transition wae not fixed for any of the  teats.  

The Blotted-flap, plu&paileron, and plain-aileron  tests were performed 
at an average dynamic presaure of approximately 20.5 pounds per square 
foot, which correaponde t o  a Mach number of about 0.12, and a Reynolds 
number of about 2,400,000. The ZaT f lap t e a t  and the plaiIwring t ea t  per- 
formed in conjunction wi th  th_e Zap flap test were performed at an average 
dynamic presswe of a b o h  9.1 pounds per equare foot, which correaponde 
to a Mach nmber of about 0.07 aJld a Reynolds nvmber of about 1,600,000. 
Both Reynolds mbers  8x8 baaed on the wFng mean aerodynamic chord of 
2.89 feet. 

The tests,  in general ,  were run through a ranQe of angle of attack 
of "100 t o  260. 

The lift, drag, pitching+mment, and calculated trlmmed-gliding 
characteristics of the 42O sweptback semieparteing model are preaented in  
figures 10 t o  16. The rolling-moanent and ya"t characterietice of 
the v a r i m  p l w i l e r o n  and p l a b e i l e r o n  canfigurations,  both f l a p  
neutral and flapdeflected,  are presented  in  figures 17 t o  22. 

Win@; Aerodynamic Characteristics 

Flap retracted.- The aeroa;pnemic characterietica of the wing with 
varima  plug+lot  configurations are ehown in  figure 10. It may be  seen 
from figure 10 that a t  an angle of attack of about 16O, regardlese of the 
plug-gap o r  lower-lip configuration,  the  slope of the pitching4noment- 
coefficient curve became8 markedly mutable and the drag st&s t o  increaee 
rapidly. A viaual etudy of the behavior of tufts on the upper surface of 
the wing  showed tha t  a sudden etall ing of  approximately the outboard 40 per- 
cent of the wing occurred a t   t h i e  angle of attack. This abrupt stall maY 
be a condition encountered only a t   the  low Reynolds number a t  which the 
t e s t s  were performed. T h e  resul ts  of previous unpublished t e s t s  i n  the 
Langley 19"foot pressure  tunnel of a ccanplete wing (with  individual  panels 
having the same geametric characterietice aa the wing repoded herein) 
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through a large range of Reynolds number indicated that at the  higher 
Reynolds number, the break in   t he  pitch-ment curve would be delayed 
t o  a higher angle of a%tack and the abrupt  nature of the stall would be 
somewhat relieved. 

Figure 10 shows l i t t l e   v a r i a t i o n  of the w i n g  aerodynamic characteris- 
t i c s  w i t h  variation in plug-slot  configuration  other  than  that a higher 
drag w a ~  obtained w i t h  the  plug-slot configuration having the Paired plug- 
s l o t  lower l i p  and with  both  the upper and lower plug-slot gaps open than 
with any of the  other  plug-alot  configurations  investigated. 

Flap  deflected.-A  series of flap-nose positions was investigated 
with  the f'ull-span s lot ted  f lap at deflections of 30°, 40°, and 5oo . The 
results  obtained  for  the most sat isfactoq  f lap  posi t ions at each  par- 
t icular  deflection  are  presented  in  f igure ll and show that all three 
flap  configuratione gave about the sane value of maxfmum lift. A flap 
deflection of 30° in  the  position  indicated gave the  highest L/D r a t i o  
throughout the lift range and is therefore  considered t o  be the opthum 
flap  deflection. 

The inloard 51"percenhpan  slotted  flap at 500 deflection is con- 
s i b r a b l y  more than half as effective in producing lift; aa the  full-span 
s lot ted  f lap at the same deflection and position. (See fig. 12.) The pr- 
portionately  higher lifilng effectiveness of the  inboard  partid-pan 
f lap as compared with the f'ull-span flap has been noted  previously i n  
references 4, 5, and 6 for unawept wings. The  pitch-nt coef- . 
f ic ients  produced by the Full"8pan s lo t ted   f lap  is about t h r e e   t h e a  as 
great as that produced by the partial"Bpan slotted  flap.  This  effect is 
EGE would be predicted an the  basis of the  analyses of references 7 and 8 
which show that the  center of  load of the wing with the full-span f lap is 
considerably  farther behind the aerodynamic center of the wing than is 
the  center of load of the wing with  the  partial-span inboard flap. 

Figure 13 presents a comparison of the aerodynamic characterist ics  in 
pitch of the  plain wing and the wfng with  the  half-span Zap flap  deflected 60'. (These data were obtained at a Reynolds number of 1,600,000.) A 
camparison of the p1aiL-H-g data of figure 1-3 with  the  plaiming  data  
of figure 12 (which was obtained at a Reynolds number of 2,400,000) shows 
that the maximmu value of CL and the  slope of the  cume of CL against 
a at the  high l if ts  obtained at the lower Reynolds nmber  are samewhat 
greater  than  the values obtained at the  higher Reynolds number. In 
addition,  a comparison of the Zap f lap  data of figure 13 with  slotted- 
flap data of figure 12 shows that the Zap f lap produced almost 88 high a 
maxfmum value of CL aa the full-span  slotted  flap but produced about 
the same increment of  CL 88 the  partial-qan  slotted  f lap at lift coef- 

f ic ients  below m&imm lift. The differences between the  plaln-wing data 
a t   t he  two Reynolds nunibera are probably  caused by changes in  the  physical 
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conditions of the wing model and not by the change i n  Reynolde numbers 
since  the Zap f lap   t ea t  and the accompanying plain-wing test were p e r  
formed before the instal la t ion of the  slotted  flap,  the plug ailerons, 
and the  various pl-poiler configuratians  reported in reference 1. It 
is believed  that  the maximum lie coefficients  for  the  full-epan and 
partial-apan  slotted flaps would  have been emewhat higher had the  slotted- 
f lap tests been performed with  the w i n g  in a condition c q a r a b l e   t o  that 
for  the Zap f lap  tes te .  

420 
The. 

Figure 14 preeents  the trimmed+lding chmacterlstice of the plain 
meptback wing and the w i n g  equipped with  variou  flap  configurations. 
gliding  characteristics were calculated  for an airplane having an 

assumed wing loading of 40 pound8 per square foot and a t a i l  length of 
3 .OF. (The gliding chaxacterietics of the wing with the half-epan s p l i t  
flap,  presented in   f ig .  14, were calculated fram unpublished data 
obtained in the Langley 1Ffoot  pressure  tunnel.) A t  a sinking speed 
Vs of 30 feet  per second (as3eumed t o  be the maximum permissible)  the 
plain wing had the  highest  gliding sped, about 135 miles per hour. 

A t  a sinking speed of 30 feet per second the  gliding meed decreased 
t o  about 132 miles per hour with  either the half-epan Z a  f lap  or  the 
half-span aplit flap  deflected and decreamd t o  about 11 8 miles per hour 
with  the  half-span  slotted  flap  deflected 50'. The slaweet landing speeds 
(about 110 mph) were obtained with the full-span  slotted  flap  deflected 
either 30' or 50°. On the  basis of these  result8  the full-span slot ted 
flap at 30° deflection is considered t o  be the most satisfactory  f lap  cow 
figuration  for this particular wing.  The data presented i n  figure 1 4  a r e  
for  relatively low Reynolds numbers. The unpublished data from the 
Langley l9-foot pressure tunnel int icate  tbt increasing Reynolds numbers 
result i n  an increase i n  the value of maxirmxm lift coefficient which 
would,  of course, result in  a somewhat lover landing speed for  each of the 
flap  configurations. 

Tuft  studies of the flow along the wing lower surface in   the  vicini ty  
of the  f lap  slot   with  the full-apan slotted  flap  deflected showed a large 
amount of apanw3se air  flow tovard  the wing t i p   i n   l i n e s  approximately 
pa ra l l e l   t o  the flap  leading edge. The f l a w l o t  flow-control vanes A 
end B shown in figures 5 and 6, respectively, were therefore  installed 
on the w i n g  lower surface in the   f lap  s lot   to   interrupt   thia  SpaTlWise flow 
and to   d l r ec t  it in linea perpendicular t o   t he   f l ap  1ead.ing edge, thus 
increasing  the Qnamic preaeure and, consequently, the lift over the flap. 
The results  presented in figure 15 for  the wing with t u f t s  and the f'ull- 
span slotted  flap  deflected 50' ahow that the wing lift WELEI decreased and 
the wing drag Increased by the i&taUation of vanes A.  The instal la t ian 
of flow-control vanes B on the  .win@; with the full-span  slotted  flap 
deflected 50' resul ted  in  an increaee i n  both  the w i n g  lift, and dr% &8 
shown In figure 16. Camparison  of the  calculated glia- characteristics 



MAW m mo. m a g  . 9 

of the wing with  the full”epm slot ted  f lap at sf = 50° and vane8 B 
on and off  indicated that better  gliding  characterist ics would B e  obtained 
for  the vanes-off  condition. Such may not be the case, however, a t  other 
f lap  deflectians. 

Lateral Control Characteristics 

Plug ailerons  (flap  retracted) .- Figure  17(a) shows the  variation 
with angle of attack of the rolling-mament and yawirtg+noment coefficients 
produced by various  projectione of the  plug  aileron wfth the sharp plug- 
s l o t  lower l ip .  The rolling-mament coefficient  increaeed  with plug- 
a ieron  project ion and with angle of attack to an angle of attack from 
14 to 160, at which point  the rolling+ncment-coefficient c m e  shared a 
sharp  decrease. This decrease i e  caused by the abrupt t i p   s t a l l i n g  of 
this particular wing, as has been mentioned previously. The mazimtnn 
rol l ing moment produced bs this  plug-aileron  configuration w&8 obtained 
a t  SP = -7 percent and was about the 8- value as tha t  produced by 
spoiler 18 of reference 1 at the same spoiler  projection. In the lower 
anglmf-et tack range, however, the rol l -  moments were lower for  the 
p lw   a i l e ron  wfth 8p = + percent and -7 percent than for  spoiler 18 of 

reference 1 at canparable  projections and angles of attack. A t  the lower 
plug-ileron  projectione,  the  roll- momenta -re higher over the angle 
of-ttack  range than those produced by spoiler 18, and the  reversal of 
rol l ing mament noted for epoiler 18 did not occur. However, the  plug 
aileron  with  the sharp plug-slot lower l i p  was ineffective in prducing 
favorable rolling n n t  at low plugeileron  pro  jectione. 

3 
In  an attempt t o  remedy the plug+,ileron ineffectiveness at low pro- 

ections,  the pl-lot lower l i p  was fa i red t o  offer a bet ter  air  inlet 
as shown in  fig.  9) . The f a i r e d  plug-alot lower l i p  improved the 

effectiveness of the  plug aileron at all projectians and increaeed the 
maximum rol l ing moments approxlmately 20 percent. (See fig.  17(b) .) HOW- 
mer,  there was still a large reduction Fn rolling+noment coefficient  at  
all pro  jections at’ @s of  attack above the wing-tip stall angle. 

In the low and moderate angle-of-attack range, the yawing+ument coef- 
f ic ien ts  produced ky the plug aflerone wi th  either  the aharp or the faired 
plug-dot lower l i p  were of the same sign  (positive)  as  the  rollingeoment 
coefficients  (a  condition us- referred t o  aa favorable ~ R W )  and were 
equal t o  about 30 . t o  40 percent of the rolling-mament coefficient at the 
maximum values of rolling+nomnt  coefficient. The yawing m e n t s  usually 
became negative above an angle of  attack of about l l o  t o  l3O, which is in 
proximity t o  the angle of attack at which the wlng t i p  stalled and the 
pitching aments became unstable. 
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Presented  for comparison in  figure 18 are the  rolling-mment coef- 
ficients  against  plug-aileron  projection at v a r i o u  angles of attack for 
t h e   p l w i l e r o n  configurations  with a sharp and a faired plug-elot lower 
l i p  and f o r  spoiler 18 (from reference 1) . Them data ehow the  rerereal 
of rol l ing effectiveness of the spoiler at low projectione and the ellmi- 
nation of the   revered  I q  me, of the plug aileron. Also shown is the 
increase in  rolling  effectiveness  (noted  previously)  obtained with the 
faired plug-slot lower l i p  compared to  the  effectivenese obtained  with 
the sharp plug-dot lower lip. 

Plug aileron  (flap deflected).- Figure 19 shm t h e   r o l l i n m m n t  
and yawing-mcrment coefficients produced by the plug aileron  with  the 
faired p l w l o t  lower l i p  and w i t h  the full-span  flap  deflected 300 a t  
the optimum nose poeition. Ih general, the roll-nt coefficient 
increaeed  with  increaeing  plug-a,ileran  projection asld increaeed slightly 
w i t h  increasing angle of attack  to  the angle of attack for t h e   t i p  s td l  
(approximately loo) . Ccrmparieon  of the  plug-aileron  data of figures 17(b) 
and 19 ehovs that deflection of  the  full-epan  slotted  flap  resulted  in an 
increase in  the mascimum rolling-mcment coefficient produced by the plug 
aileron of about 130 percent  over the  rolling+mwnt  coefficient produced 
by the plug aileron on the unflapped wing.  

A t  low angles of attack, the yawing+noment coefficiente produced by 
the  plug  ailerone w f t h  the full-span  slotted  flap  deflected were generally 
of the B & ~ B  sign &I the roll-nt coefficients, except at pro3ectione 
of -1/2 percent and -1 percent where the  sign was the oppoaite of the 
rolling-momnt coefficient. The  yawing-moment coefficients were about 
10 percent t o  15 percent of the rolling-mament coefficient at the  maxim 
value of r o l l ” t ,  coefficient. The  yawing moments became negative 
above an angle of attack of about lo0 which, for the flapdeflected con- 
dition, is the angle of attack at which the wing t i p  stalled.  

Effect of p l u w i l e r o n   a c t u a t i m  configuration.- The plug-e-ileron 
actuating  arm^ were normal- open aa shown in  f i p e  8, Ih order t o  
determine the effects of t h i e  opening, the  actuating arm8 were filled-in t o  
the wing surface in such a manner a s   t o  form a solid  actuating arm. 

The data of figures 20(a) (bf = Oo) and 20(b) (8f = 50°) indicate  that 
with the  flap  neutral,  the  filled-in  actuating had l i t t l e   e f f e c t  on 
the rolling+mment coefficients produced by the plug aileron. With the 
flap  deflected, however, the rolling-moment coefficients produced by the 
plug  aileron  with  the  filled-in,actuating  arm^ were generallg lower by as 
mch as 13  percent than the  roll lng moments produced by the plug aileron 
with  the open actuating arms. 

The y a w i n n t  coefficient8 prpduced by the plug  aileron  with  the 
filled-in  actuating arms were slightly  higher at the maxirmrm plug  pro- 
jections ( 6  = -0.07~)  than  those produced by the  plug  with  the open P 
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actuating arm. The yd-ent coefficients produced by the plug at 
Bmaller projectians were only slightly  affected by variation of the 
actuating-  configuration. 

Effect of  gap between wing upper surface and plug-aileron  lover edge.- 
A t  plug-aileron  projectians of = 4 . 0 3 ~  o r  greater,  the.lower edge 

of each  plug segment  emerged f r o m  the upper surface of the w i n g  a t   the  
inboard end  of the plug segment in  euch a manner that a wedg-haped gap 
existed between the wing ugper surface and the plug-segmant lmer edge. 
Figure 21 shows that f i l l i n g  in t h i s  gap resulted in an appreciable 
increase. i n   r o l l w m e n t  coefficient over tha t  produced in  the  gapopen 
condition  with the plug at 8 = -O.O7C but had l i t t l e  effect  on the 

rolling-mament coefficient at ' 8 = 4 . 0 5 ~ .  This  effect of gap between 

8P 

P 

P 
the plug lower edge and the wing er  surface has been obtained  previously 
for  plug ailerons on mawept references 9 and 10) . 

Fill-in the gap between the  plug-aileron lower edge and the wing 
upper surface  increased  dightly  the yawb-ment coefficient produced 
by the plug aileron at both 8 = -0.05~ and -0 .07~ .  P 

Half-pan plain  aileron.- The rolling-moment. and yawing-moment charac- 
t e r i s t i c s  of the eng wfth  the 0.20~ by 0.4% ailerons  are shown in  
figure  22(a)  with  the  flap  neutral and in  figure 22(b) with  the  half-span 
slotted  flap  deflected 50°. For both  the  flap-neutral and flap-deflected 
conditions,  the roll-mnt coefficient  increased  with  increasing 
aileron deflectionex and decreased  as the w i n g  angle of attack was increased 
either  positively  or  negatively f r a m  a = Oo. A t  angles of attack below 
the w i n g - s t a l l  angle,  the  vdues of total   roll inwoment  coefficient,   for 
any combination of equal upa i le ron  and down-aileron deflections,  are 
equal t o  or slightly  higher f o r  the  slotted  flap-deflected  condition  than 
with  the  flap  neutral. 

For both flap  conditions,  the t o t a l  gawing-mment coefficient 
result- from an equal up an& d m  deflection of the  aileron was gecerally 
amall at angles of attack below the wing stall and '$88 adverse (s5gn of 
yawing mament opposite t o  sign of rol l ing moment). A t  angles of attack 
below the wing-atall angle the t o t a l  adverse yawing+mrcent coefficient 
produced by the  aileron on the w i n g  w i t h  the  flap  deflected, although 
amall, w a s  somewhat  greater than t h a t  produced by the  aileron on the wing 
with  the  flap  neutral. The t o t a l  yawing-noment coefficients  producd by 
the  plain  aileron  at 'angles of attack  greater  than  the  wing-atall  angle 
were higher than those at l o w  angles of 3ttack  for  both  flap  conditions. 
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Ccrmpaxison  of plug ailerone and the  half-epan plaln aileron.- 
comparison of figures l7(b) and =(a) (ef = 00) and figures 19 (8f 
and 22(b) (8? = 50’) indioates that the plug aileron hae farorable 
over the usa%le  angle-of-attack range aa canpared t o  the adverse yaw 
present  with  the  plain aileron. 

For the f1a-eutx-d condition, the plain  aileron gave a maximum 
rolli-nt coeff ic ied  for  a tot&  aileron  deflection of No approxi- 
mately 130 percent greater than the nmxinnm r o l l w e n t  coefficient 
produced by the plug a i le ron   a t  6p = -0.07~. For the  f lapdeflected 
condition  (partial-span  flap  with the plain  aileron and f u l l - ~ p a n  flap 
with  the  plug aileron), the mlrmim value of rolling+mumnt  coefficient 
produced by the plug aileron was about the sane aa tha t  produced by 
~200 deflection of the plaw ailercm. 

A t  angles of attack above the w-tip stall angle, the rolli-ent 
coefficients produced %y the plain  aileron were much larger than those prc- 
duced  by the plug aileron, regardless of the lif%-flap condition. 

The results of RU Investigation of a 42O sneptback s a m i ~ ~ a ~ ~ ~ i n g  model 
equipped wfth severd high-lift &d lateral-control devicee lead t o  the 
following cancluElionB: 

1. Of the Various high-lie flaps inveetigated (full-span slotted 
flap at varioue posi t law and deflections, a half”8pan slotted  f lap at 
500 deflection a half-span elit flap and a half-span Zap f lap both at 
600 deflectimj,  the f~ll-epan slotted  flap  deflected t o  30° gave the most 
satisfactory  calculated l&hg characteristics fo r  an airplane w3th an 
assumed wing loading of 4.0 pounds per square foot end a tail length of 
3.0 mean aerodyna-mic chords. 

2. The p l u p a i l e r m  arrangement investigated  with  the  faired plug- 
s l o t  lmr l i p  gave positive rol-nt coefficients  at  all projections 
throughout the wfng angle-of-arttack range, although  there ya8 a large 
reduction in roll-nt coefficient  at  all projectiona at angles of 
attack above the win@ip stall angle. The meucirm;zm values of roll- 
moment coefficient produced by the plug aileron with the  faired lower l i p  
were about 130 percent larger with  the  full4pan  slotted  flap  deflected 
than  with  flap nsubrel. 
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3.  The t o t a l  maximvrm. rollbqynment coeff ic ient   resul thg from 
40° t o t a l  deflection of a 49-percent-Span 3y 20fpercenhhord  aileron was 
about the same a.e that produced by the plug aileron  with  the full-span 
slotted  flap  deflected. The aileron rolling-mament coefficients  with  the 
partial-pan s lot ted flap deflected were equal t o  or  on ly  slightly  greater 
than  those with the flap neutral. 

Langley Aeronautical  Laboratory 
National Advisory Camsrittee for Aeronautics 

Lengley A i r  Force Base, Va . 
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Figure 1. - The 42' sweptbacls wing. Area, 32.24 square feet;  aspect 
ratio, 4.01; bper ra t i o ,  0.625. All dimensions are inches 
unless otherwise noted. 
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(b) W i n g  upper surface. 

Figure 2. - concluaea. 
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Figure 3 .  - Plug-aileron and slotted-flap locations on t h e  42' meptback wing. All dlmensiane are i n  1o 
inches unless otharwise noted. P 
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Flgura 4. - Section dimneions of the slotted f l a p  t e a t e d  on tha 42’ meptback dng. 
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and details of  flap-slot flaw-control VWE B on t h e  42O eweptback wing. A l l  
dimensions In Inches unless otherwise indicated. v 
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Section A-A 
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Figura 8. - Section dimensiona of the plug aileron with the sharp plug-slot lower lip t e e t e d  on t h e  p & 

h 0  swept;back wing. A l l  dimensions are ih hchae  unless otherwise noted. \o 
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Figure 9. - Detail~s of t h e  faired plug-slot lower l i p  teetea on the 42' meptback w i n g .  

. . . . .  
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Figure 10. - The aerodynamic  characteristics in pitch of t h e  42' swept- 
back wing with variou~ plug-aileron-slot conf'igurati-ons. Flap 
retracted. 
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Figure 11.- The aerodynamic chazac-terfstics of the plain w i n g  and t h e  
w i n g  wth a full-span slot ted flap at various deflections. The 

. flap position is optimum for each particular deflection. 
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Figure 12.- The effect of spa of the slotted flap on the aerodynamic 
characteristics i n  pitch of t h e  4 2 O  sweptback w h g .  
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Figure 1 3 . -  The effect of deflection of a half-span Zap flap on thg 
aer-c characteristics in pitch of the 42O swq&back wing. 
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Drag c o e f f m e n t ,  CD 

Figure 14. - Gliding characterietice of t h e  42O gweptback w i n g  in trimmed 
flight. W i n g  loading, 40 pounds per square foot; t a i l  length, 3 .OF. 
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Figure 15.- The effect  o f  fhp-slot flow-control vanes A on ths aero- 
d y n m ~ I c  characteristics in pitch of t h e  42O sweptback w i n g  with the 
full-span slotted flap deflected 50°. F h p  position, 1 percent 
below lip md, 1 percent ahead. of l i p .  Tufts on. 
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Fi .gum 16. The effect of flap-slot flow-control vanes B on the aero- 
dynamic  characteristics in pitch of the 42O sweptback w b g  w i t h  t h e  
full-span slotted f lap  deflected wo. Flap poeition, 1 percent 
below lip. 
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Figure 17.- Variatfon of rolling-moment coefficient and yaw--moment 
coefficient w i t h  angle of attack for various  projections of the 
plug aileron on the b o  aweptback wing. Flap retracted. 



(b) Faired plug-slot lower .lip. 

Figure 17. - Concluded. 



"" 

" r a v e  d 

39 

6 
0 
8 

6.9 

Figure 18. - Variation of rolling-moment coefficient w i t h  control 
proJection for v a r i o u s  plug- and spoiler-aileron configurations 
on the b o  meptback wing. Flap retracted. 



Figure 19.- Variation of rolling-manent coefficient and yawing-moment 
coefficient with angle of attack for various plug-aileron 
projections on the 42' Bweptback wing. Faired plug-slot lower 
lip; full-epan d o t t e d  flap 8% 6f = 30'. 
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(a) Flap retracted. 

Figure 20.- The effect of plug-aileron actuating-arm configuration on 
the variation of rollin@;-moment and yawing-moment coefficients with 
angle of attack at various plug-aileron projections on t h e  
42O sweptback w i n g .  Faired plug-slot lower lip. 
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(b) Ff l - ep&n slot ted flap a t  ef = 50'. 

Figure 20.- Concluded. 
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FSgure 21.- The ef fec t  of a gap between the lower edge of t h e  plug 
a i l e ron  and the wing upper surface a t  large plug-aileron  projections 
on the rolling-mment and yawing-moment coefficients of the plug . 
a i le ron  on the 4 2 O  meptback wing. Faired  plug-slot lower l i p ,  
f l a p  retracted,  plug-aileron actuating axras f i l l e d  in. 
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(a) Flap neutral - f lap-s lot  sealed and fa i red.  

.gum 22.- Variation of rolling-moment coefficient and. yawing-moment 
coefffcient wfth angle of attack for various deflections of a 
49-percent-span by 20-percent-chord plain sealed aileron on the 
42O sweptback wFng. . 
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(b) Partial-span slotted f l a p  a t  sf = 50°. 
Figure 22. - Concluded. 
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